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The creation of compact blue-green and UV lasers has attracted considerable attention because of their applications in chemistry, biology, and medicine. Moreover, a changeover to short wavelengths in optoelectronic and information-storage systems would significantly improve their information capacity and make it possible to use novel high-performance materials for recording information. Research in this f ield is now focused primarily on upconversion rare-earth-doped f luoride f iber lasers 1 and secondharmonic generation and third-harmonic generation (THG) in nonlinear crystals.
THG of near-IR light in optical fibers is an alternative line of investigation. To date, powerful singlemode fiber lasers have been developed (see, e.g., Ref.
2), which makes their future use in an all-fiber shortwavelength light source possible. It is significant that THG does not require the presence of anisotropy in the medium; therefore, THG can occur in any glass fiber.
For efficient THG it is necessary that one have a high third-order susceptibility x ͑3͒ , phase matching of the pump and the third-harmonic waves, and sufficient transparency of the fiber core material at both the pump and the third-harmonic wavelengths. 3 Phase matching can be achieved owing to differences in the propagation constants of the fundamental and the higher-order modes. 4 Given core-cladding index difference Dn and the frequency dependence of the cladding index n͑v͒, a necessary condition for phase matching is Dn $ n͑3v͒ 2 n͑v͒. Here we assume that the pump propagates in the fundamental mode, while the third harmonic propagates in one of the higher-order modes. For a Nd:YAG laser operating at l 1.06 mm and for a fused silica cladding, the above inequality yields Dn $ 0.023. In this case the equality of the phase velocities of the first and the third harmonics, propagating in different modes of the f iber, can be obtained by the proper choice of the core diameter.
The value of the third-order susceptibility and optical absorption in the UV region are dictated by the properties of the core material. High-Dn germanosilicate f ibers do not meet the UV-transparency requirement. 5 On the other hand, pure-silica-core-F-doped silica-cladding fibers do not feature suff iciently high Dn. In this Letter we investigate a novel silica-based fiber that has a N-doped silica core and a pure-silica cladding. 6 Optical absorption in such f ibers at the wavelength of 355 nm is of the order of 10 dB͞m, which permits THG in ϳ1-m-long f iber pieces.
The f iber that was tested had a N-doped silica core and a pure-silica cladding, Dn ഠ 0.03, and a cutoff wavelength of 1200 nm. Two lasers were used to pump the f iber. The first one was a mode-locked or a cw Nd:YAG laser, the average output power being as much as 15 W. The second one was a Q-switched neodymium fiber laser with an average output power of 4 W. 2 The Q-switch regime was obtained with the help of stimulated Brillouin scattering occurring in the fiber tested.
In launching cw Nd:YAG laser light (output power of ϳ10 W ) into a fiber piece 1 m in length, we observed at the fiber output, apart from the pump light, UV radiation at the wavelength 355 nm, which coincided, to within experimental error, with the third harmonic of the pump light (Fig. 1) . The far-f ield distribution of the third harmonic at the f iber output had the shape of a thin ring, which corresponded to a mode with a large radial wave number. The dependence of the thirdharmonic power on the pump power (Fig. 2) was well approximated with a cubic function, which is indicative of a three-photon process. When we switched to modelocked operation with a pulse duration of 12 ps and a period of 12 ns (the maximal pump power was three orders of magnitude higher than in the cw regime), the UV spectrum at the fiber output became much more complicated. In short fiber pieces ͑ϳ20 cm͒ we still observed only the third harmonic (Fig. 1) ; however, in ϳ1-m-long pieces, new spectral components arose that were shifted to longer wavelengths and that exceeded the third harmonic in power (Fig. 3) . The value of the shift corresponded to the stimulated Raman scattering (SRS) Stokes shift in silica glass. 4 As SRS of the pump increased ͑l 1.12, 1.18 mm͒, some of the Stokes components produced by the third-harmonic radiation, which were simultaneously third harmonics of the Stokes components of the pump (lines d and g in Fig. 3 ), rose. This was indicative of THG from the wavelengths 1.12 and 1.18 mm.
With a further increase in the length of the f iber tested, we observed output radiation with a comparatively narrow spectrum ͑ϳ5 nm; Fig. 4 ). The peak of the spectrum depended on the pump power and the fiber length and lay in the range 380-430 nm. In contrast with the third harmonic and its Stokes components, this radiation propagated in the fundamental mode of the fiber. Its average output power far exceeded the third-harmonic output power, being 2 mW for an average pump power of ϳ10 W . The appearance of this radiation in the fundamental mode was of threshold nature. Apparently, certain color centers were pumped with the third-harmonic radiation and its Stokes components, and we are dealing here with lasing, with the f iber end faces serving as fiber cavity mirrors. In N-doped silica there exist two overlapping luminescence bands centered at 409 and 459 nm with a lifetime of longer than 10 ms. 7 These luminescence bands are most likely to be involved in this cascade process. The emission of the excited color centers propagated mainly in the fundamental mode of the fiber, because this mode experienced the least attenuation in this wavelength region (a large share of its power propagated in the wide central dip of the refractive-index prof ile, 6 where N-associated defects, the chief absorption factor, is absent). Clearly, phase matching is of no importance for this process.
UV radiation spectra similar to those given in Figs. 1 and 3 were also obtained when the f iber was pumped with a Q-switched laser-diode-pumped neodymium f iber laser, which was spliced with the fiber that was tested. This fiber may be a prototype of a future all-f iber short-wavelength light source for a wide variety of applications.
In conclusion, it was found that UV radiation could be generated in nitrogen-doped silica f iber pumped with near-IR light. As the length of the f iber and the power of the pump radiation increased, a sequence of nonlinear processes was observed: THG ͑l 355 nm͒, SRS of the third harmonic, SRS of the pump radiation (1.12 and 1.18 mm), THG of the SRS components of the pump (373 and 393 nm), and lasing on N-doped silica color centers (380-430 nm). All these processes open up the possibility of realizing a tunable f iber source of UV radiation in the 355-430-nm region. We have demonstrated a novel allfiber construction of the short-wavelength light source, pumped with a laser-diode. Obviously, it is possible to improve the efficiency of the light transformation by 
